Derivatives of the lactose miniplasmid pMG820 were constructed in which a staphylococcal erm gene was inserted and in which this was accompanied by subsequent deletion of the lactose genes. The resulting plasmids were thus marked with both erythromycin resistance and lactose utilization genes in pFI132 or solely erythromycin resistance in pFI133. These plasmids retained the normal conjugation properties characteristic of lactose plasmid pLP712, including the generation by intermolecular rearrangement of high-frequencytransfer Clu+ derivatives which exhibited cell aggregation. The use of such Clu+ plasmids in a variety of mating experiments between different lactococcal strains and the observation of cell aggregation when particular mating mixtures were made led to the discovery of a new component of this conjugation system named Agg. A chromosomal gene agg was postulated to be present in some but not all strains of lactococci. High-frequency conjugation and cell aggregation thus depend on the presence of both Agg and Clu, although in a mating pair these components can be in the same or in separate strains. The Agg and Clu components may be analogous to the binding substance and aggregation substance that are involved in the hemolysin plasmid transfer system of Enterococcus faecalis, although control of their expression is different.
In the lactic acid bacteria, transfer of plasmid-encoded genes for lactose catabolism by a conjugationlike process was first described by Gasson and Davies (9) and Kempler and McKay (14) . Subsequently, conjugal transfer of lactose genes has been reported for a wide variety of Lactococcus lactis strains (5, 11, 15, 17, 18, 23, 24) and for a lactose plasmid in Lactobacillus casei (2) . Despite this widespread occurrence of lactose plasmid transfer only one system, that associated with the closely related L. lactis ML3 and 712 (6) , has been studied in detail. In this case an interesting and complex process has been characterized.
Lactose plasmid transfer is generally an inefficient process, but an exception was noted by Gasson and Davies (10) , who tested the donor ability of rare progeny that arose after the transfer of the lactose plasmid pLP712 from L. lactis 712 into a lactose-negative derivative of the same strain. Although in this original mating experiment lactose plasmid transfer occurred at a low frequency, some of the resulting progeny were found to have acquired dramatically increased donor ability. This change was accompanied by an equally significant change to colony and culture morphology caused by the expression of a constitutive cell aggregation phenotype. These associated changes in transfer efficiency and cell morphology were suggestive of the derepression of a transfer system in which cell aggregation contributed to the establishment of conjugal bridges. While such a derepression might be caused by mutation, subsequent work showed that an intermolecular rearrangement occurred in which a large tract of DNA was inserted into the lactose plasmid (1, 7, 29, 30) .
The novel DNA was a sex factor that has been isolated as an independent plasmid (1), but it also exists integrated within the bacterial chromosome (7) . Both the cointegration of plasmids in L. lactis ML3 and the introduction of chromosomal DNA in L. lactis 712 were shown to be promoted * Corresponding author.
by an insertion sequence, the prototype for which is named ISSIS (7, 20) . In these complex conjugation systems within L. lactis ML3 and 712, high-frequency transfer was always correlated with donor cell aggregation (although the converse was not observed). This fact suggests that donor cell aggregation was a prerequisite for high-frequency lactose plasmid transfer, and it may have a role in promoting close cell-to-cell contact prior to DNA transfer. An exception to this simple relationship has, however, been observed. When an enlarged lactose plasmid with high-frequency transfer and cell aggregation phenotypes was introduced into L. lactis subsp. diacetylactis 176 (7a) or 18-16S (12) (28) . Cells were lysed at 0°C in TES buffer (50 mM Tris hydrochloride, 5 mM EDTA, 50 mM sodium chloride [pH 8.0]) containing 20% sucrose, 5 mg of lysozyme per ml, and 100 ,ug of mutanolysin per ml, followed by 15 min of incubation at 37°C. DNA fragments were purified from agarose gels by the freeze-squeeze technique (25) .
Restriction endonuclease digestion and gel electrophoresis. (16) . Lactococcus transformation was by electroporation, using a BioRad Gene Pulser apparatus by the procedure of van der Lelie et al. (27) with some modifications. The DNA solution and 0.8 ml of cell suspension were mixed and electroporated at 6,250 V/cm. The capacitance used was 25 jiF. After the electric pulse, cells were diluted 10-fold in glucose M17 medium with 0.5 M sucrose (27) and incubated at 30°C for 2 h to allow gene expression. Cells were then harvested, resuspended in 1 ml of the same medium, and plated on glucose M17 agar plates with 0.5 M sucrose and the appropriate selective antibiotic.
Conjugation experiments. Surface mating experiments were performed as previously described (10) . Equal volumes of donor and recipient cultures, grown overnight in M17 medium, were mixed, and 0.1 ml was spread onto the surface of a glucose M17 agar plate. After overnight incubation, cells were resuspended and dilutions were plated to select progeny and count donor and recipient cell numbers.
Aggregation test. To test the aggregation of mixtures of strains, a standard protocol was followed. Overnight cultures of cells were mixed, centrifuged, and resuspended in M17 broth at a fourfold concentration. The structure of this plasmid, pFI132, is shown in Fig. 1 . It was demonstrated that in conjugal transfer experiments using selection for erythromycin resistance, pFI132 retained the same properties as pMG820. Progeny with both highfrequency donor ability and the cell aggregation phenotype could be isolated, and these variants contained enlarged pFI132 plasmids with characteristic inserts of DNA. One of the high-frequency transfer plasmids, pFI180, was used in further work in which selection for transfer of erm was substituted for selection of lac.
For some conjugation experiments described below, it was desirable to use chromosomally located lactose genes in the recipient strain as a counterselective marker. In this case the lac genes on the transmissible plasmid needed to be inactivated. Accordingly, a derivative of pFI132 was constructed in which the lac genes were deleted. Plasmid pFI132 DNA was digested with restriction endonuclease XbaI, and the 14.6-kb fragment that encoded both plasmid replication functions and the erythromycin resistance gene was purified. This fragment was ligated and transformed into L. lactis subsp. lactis MG1363. A derivative plasmid, pFI133, with the structure shown in Fig. 1 , was used in conjugation experiments. It had similar properties to pFI132 and pMG820. In mating experiments, enlarged derivative plasmids exhibiting high-frequency donor ability and the cell aggregation phenotype were isolated. One such derivative plasmid, pFI181, was used in subsequent work. In common with all such plasmids, pFI181 consisted of pF133 with the insertion of approximately 50 kb of sex factor DNA which was flanked by duplicated insertion elements (Fig. 1 (Tables 2 and 3 ).
In contrast, there are strain combinations (Table 3) for which no cell aggregation, either of the donor or in the mating mixture, occurred. In these instances, involving L. lactis subsp. lactis IL594 and L. lactis subsp. diacetylactis Bu2 (Table 3) , the strains are suggested to lack the chromosomally encoded agg gene. The efficiency of lactose plasmid transfer in this background was also tested and shown to occur only at a very low frequency ( The results in Table 5 show that 9 of 31 randomly selected L. lactis strains possess the agg gene. Strains of S. salivarius subsp. thermophilus, E. faecalis, Lactobacillus bulgaricus, B. subtilis, and E. coli and various Pediococcus, Leuconostoc, and Propionibacterium species were also tested. None possessed the agg gene.
Cell aggregation in L. lactis subsp. cremoris strains. As shown in Table 5 , four agg+ and six agg strains of L. lactis subsp. cremoris were detected. Strains of this subspecies are favored for use as starter cultures in cheese manufacture. Because the aggregation phenotype described here may be of some practical value in cell harvesting, the possibility of creating derivatives of these L. lactis subsp. cremoris strains that would aggregate upon mixing was investigated. The clu+ gene was introduced into each of the agg strains of L. lactis subsp. cremoris by conjugal transfer of pFI181. This plasmid carries an erm gene, and lac has been deleted. It has generally been observed that in L. lactis subsp. cremoris strains lac is located on the chromosome rather than on a plasmid. Thus, selection for transfer of erm with counterselection of the lactose utilization phenotype was used to introduce pFI181 from F16033 into the agg L. lactis subsp. cremoris strains SK11, KH, ML1, SLM1, AM1, and Wg2.
Aggregation tests in all possible combinations were performed on mixtures of these agg strains and their pFI181- Aggregation tests were performed for a range of strains from each of the L. lactis subspecies. Cultures were mixed with the Clu+ Agg-strain F16026, and aggregation was recorded. A positive result led to an Agg+ designation, and a negative result led to an Agg-designation.
carrying clu+ agg derivatives together with the four clu agg+ L. lactis subsp. cremoris strains, Hp, E8, TR, and AM2. While none of these strains individually showed any tendency to clump, all of the mixtures of a clu+ agg strain with a clu agg+ strain resulted in immediate cell aggregation (Table 6 ). These observations illustrate the induction of clumping in L. lactis strain mixtures and further substantiate the two-component cell aggregation model proposed above.
DISCUSSION
Conjugal transfer of the lactose plasmids from L. lactis subsp. lactis strains 712 and ML3 takes place at a high frequency after the plasmids have undergone a molecular rearrangement that also causes cell aggregation to be expressed. Although this conjugation system is well characterized within the L. lactis subsp. lactis 712-ML3-C2 strain complex (6) , relatively little investigation of different lactic streptococcal strains has been undertaken. One limitation to such experiments is that the only selectable genetic marker on the transmissible plasmid is that for lactose utilization, a trait which is universally present in lactic streptococcal strains from a dairy environment. Accordingly, a derivative of the lactose plasmid pLP712 was constructed which, in addition to lac, was marked with an erm gene taken from the staphylococcal plasmid pE194. This plasmid could be selected for regardless of the lactose phenotype of the recipient cell. The universal presence of lac in lactic streptococci also it has previously been observed that high-frequency transfer of the same lactose plasmid occurred even though in the background strains cell aggregation did not occur. This observation undermines the simple assumption that cell aggregation is fundamentally involved in high-frequency plasmid transfer, presumably because it contributes to formation of cell-to-cell contact.
In this work a larger number of mating experiments, involving many different background strains of L. lactis, have been analyzed. The appearance of cell aggregation in mating mixtures in which neither donor nor recipient had a tendency to clump was consistently observed in those instances in which high-frequency lactose plasmid transfer occurred. In instances in which cell aggregation, either constitutively expressed by the donor or appearing after mating mixture formation, did not occur, efficient lactose plasmid transfer also failed. These observations of transfer frequency and cell aggregation have led to a simple model, which is shown in Table 4 The conjugal transfer system of L. lactis subsp. lactis 712 and ML3 has features in common with the well-characterized hemolysin plasmid transfer systems of E. faecalis (4) . In both systems cell aggregation is associated with efficient plasmid transfer, but in L. lactis there is no evidence for the sex pheromone induction system. For E. faecalis a model of cell aggregation has been postulated in which clumps result from the interaction between two cell surface components, one of which is constitutively expressed and the other of which is induced by the sex pheromone system (4) . Those cell surface components were named binding substance and aggregation substance. While the binding substance and aggregation substance genes are subject to different control mechanisms, these components do superficially appear analogous to the products of the L. lactis agg and clu genes that are defined in this work.
The lactic streptococci are strains of industrial importance, particularly for dairying. Controlled cell aggregation could ultimately find applications in cell harvesting in a practical situation. In this work, awareness of the variations of industrially useful strains of L. lactis subsp. cremoris with respect to the presence of agg was used to construct strains which would aggregate upon mixing. Clearly, the agg and clu genes are amenable to genetic manipulation with a view to creating strains in which the cell aggregation phenotype can be induced. The work described is thus of value in furthering understanding of the complex conjugation system associated with pLP712, in facilitating the more widespread use of this conjugation process in strains of L. lactis, and in providing a basis for the future exploitation of cell aggregation in industrially useful strains.
